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USER EQUIPMENT FOR DISCONTINUOUS
RECEPTION AND METHOD PERFORMED

BY A USER EQUIPMENT

FIELD

Embodiments described herein generally relate to user
equipments for discontinuous reception operation in a wire-
less communication network. More specifically, embodi-
ments described herein relate to user equipments comprising,
a paging monitor. Further embodiments described herein
relate to a methods performed by a user equipment for
discontinuous reception operation.

BACKGROUND

Wireless communication networks or radio communica-
tion networks may require a communication between a base
station (BS) which may be a fixed station and a user
equipment (UE) which may be a mobile station.

In a discontinuous reception (DRX) operation 1n a wire-
less communication network, the UE may be allowed to
monitor discontinuously whether the BS transmits any infor-
mation concerning the UE. DRX may improve the battery
lifetime of a UE.

A radio resource control (RRC) protocol may be used by
the wireless communication network and provide for con-
nection establishment and release functions between the UE
and the BS. A UE may be either 1n an 1dle mode or so-called

RRC IDLE state or in a connected mode or so-called
RRC CONNECTED state.

In the RRC_IDLE state, the UE may be configured to
monitor a paging reception. Paging occasions (PO) may
depend on a paging cycle. In the RRC_CONNECTED state,
the UE may be assigned a DRX time cycle to receive
scheduled information. The DRX time cycle may comprise
DRX active time periods and DRX 1nactive time periods.
During the DRX active time or DRX active state the UE may
receive a physical downlink control channel (PDCCH). In
the DRX 1active period the UE may not be required to
monitor the PDCCH. The DRX inactive period may provide
a sleep opportunity for the UE which allows saving battery
life.

Regardless 1ts DRX configuration, for example regardless
its DRX time cycle, a UE in RRC_CONNECTED state may
be still required to monitor paging reception. Paging recep-
tion monitoring may be required to detect and to apply
system information (SI) modifications as well as notifica-
tions for earthquake and tsunami warning system (ETWS).
Further information which may be required to be detected 1n
paging messages 1s the commercial mobile alert system
(CMAS).

The time periods of DRX active states may depend on the
DRX cycle. Paging occasions may depend on the paging
cycle. DRX cycle and paging cycle may not be adapted to
cach other. When a DRX active state and a paging reception
opportunity or paging occasion are not aligned in time, a
time where UE may be 1n a sleep modus, may be shortened
and hence battery lifetime may be shortened as well. For this
and other reasons there 1s a need for the present disclosure.

BRIEF DESCRIPTION OF THE

DRAWINGS

The accompanying drawings are included to provide a
turther understanding of exemplary user equipments and
methods performed by user equipments and are incorporated
in and constitute a part of the specification. The drawings
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illustrate exemplary embodiments and together with the
description serve to explain principles. Other embodiments

and many of the intended advantages of embodiments will
be readily appreciated as they become better understood by
reference to the following detailed description.

FIG. 1 schematically illustrates a wireless communication
network.

FIG. 2 schematically illustrates i a time diagram occur-
rence of DRX active states and dedicated paging occasions.

FIG. 3 schematically illustrates 1n a time diagram system
information blocks 1n an SFN cycle.

FIG. 4 schematically illustrates a block diagram of a user
equipment according to a first embodiment.

FIGS. 5A-5C Schematlcally illustrate time dlagrams of
general paging occasions and DRX active states 1n different
configurations.

FIG. 6 schematically illustrates a flow diagram of a
possible Tunction of the user equipment shown 1n FIG. 4.

FIG. 7 schematically illustrates a block diagram of a user
equipment according to a second embodiment.

FIG. 8 schematically illustrates a time diagram of a
possible relation between a paging cycle and a system
information modification cycle and a trigger of a system
modification.

FIG. 9 schematically illustrates a time diagram of a
possible relation between a paging cycle and a system
information modification cycle and a trigger of emergency
broadcast.

FIG. 10 schematically illustrates a flow diagram of a
method according to a first embodiment.

FIG. 11 schematically illustrates a flow diagram of a
method according to a second embodiment.

FIG. 12 schematically illustrates a flow diagram of a
method according to a third embodiment.

DETAILED DESCRIPTION

In the following, embodiments are described with refer-
ence to the drawings wherein like reference numerals are
generally utilized to refer to like elements throughout. In the
following description, for purposes of explanation, numer-
ous specilic details are set forth in order to provide a
thorough understanding of one or more aspects. However, 1t
may be evident to a person skilled in the art that one or more
aspects may be practiced with a lesser degree of these
specific details. The following description 1s therefore not to
be taken 1 a limiting sense and the scope of protection 1s
defined by the appended claims.

The various aspects summarized may be embodied 1n
various forms. The following description shows by way of
illustration various combinations and configurations 1n
which the aspects may be practiced. It 1s understood that the
described aspects and/or embodiments are merely examples
and that other aspects and/or embodiments may be utilized
and structural and functional modifications may be made
without departing from the scope of the present disclosure.
In addition, while a particular feature or aspect of an
embodiment may be disclosed with respect to only one of
several 1mplementations, such feature or aspect may be
combined with one or more other features or aspects of the
other implementations as 1t may be desired and advanta-

geous for any given or particular application.
Further, to the extent that the terms “include”, “have”,

“with” or other variants thereof are used in eirther the
detailed description or the claims, such terms are intended to
be inclusive 1n a manner similar to the term “comprise”.
Also, the term “exemplary” 1s merely meant as an example,
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rather than the best or optimal. As employed 1n this speci-
fication, the terms “coupled” or “connected” are not meant
to mean that elements must be directly coupled or connected
together. Intervening elements may be provided between the
“coupled” or “connected” elements.

FIG. 1 schematically illustrates an exemplary cell of a
wireless communication network with a BS 10 and three
UEs 12.1, 12.2 and 12.3.

The wireless communication network may e.g. use Code
Division Multiple Access (CDMA), Time Division Multiple
Access (TDMA), Frequency Division Multiple Access
(FDMA), Orthogonal FDMA (OFDMA) and others. The
terms “network™, “system” and “radio communications sys-
tem”™ may be used synonymously. A CDMA network may

implement a radio technology such as Universal Terrestrial
Radio Access (UTRA), CDMA 2000, etc. UTRA 1ncludes

wideband-CDMA (W-CDMA) and other CDMA variants.
CDMA 2000 covers IS-2000, IS-95 and IS-856 standards. A
TDMA network may implement a radio technology such as
global system for mobile communications (GSM) and
derivatives thereol. The network may be part of Universal
Mobile Telecommunication System (UMTS). The wireless
communication network may function accordlng to an LTE
standard. In the following, the description 1s based on an
LTE network which 1s not to be understood to limit the
embodiments to a use 1 an LTE network.

Transmission i1n the communication network may be
performed 1n so-called radio frames and subframes. In LTE,
one radio frame may comprise ten subirames, one subirame
having a length of one millisecond, one radio frame having
a length of 10 milliseconds.

The BS 10 may also be referred to as access point, NodeB

or evolved NodeB (eNB). The BS 10 may send on downlink
channels data to the three UEs 12.1, 12.2 and 12.3. The BS
10, or more generally the network, may configure for each
UE a specific DRX cycle. The BS 10, or more generally the
network, may configure a paging cycle common to all UEs.
Each UE may select a paging occasion (PO) out of the
paging occasions comprised in the paging cycle, which may
be called a UE specific paging occasion.

The UEs 12.1, 12.2 and 12.3 may also be referred to as
access terminals, wireless communication devices or user
terminals (UT). The UEs may e.g. be one out of a mobile
phone, a smart phone, a tablet and so on. The UEs may be
configured to use a DRX operation 1 1dle mode and 1n
active mode. In an LTE network the idle mode may be
referred to as RRC_IDLE state and the active mode may be
referred to as RRC_CONNECTED state. The UEs 12.1,
12.2 and 12.3 may send on uplink channels data to the BS
10.

In the RRC_IDLE state, a UE may be configured to
monitor for paging reception. Paging reception may include
receiving paging messages. Paging reception 1s possible
during paging occasions (PO) which are time periods des-
ignated for transmission ol paging messages. During the
POs the BS sends the paging messages. A paging message
may comprise a UE-specific paging message or in other
terms a UE-specific information and a general paging mes-
sage or 1n other terms a general information to all UEs. It 1s
to be understood that during one PO both parts of the paging
messages, the UE-specific paging message and the general
paging message may be sent. The POs follow each other
according to a paging cycle set by the network. The UE-
specific paging messages may comprise for example a
connection request, or 1 other words a request to change to
the RRC_CONNECTED state. The general paging mes-

sages may comprise alert messages, for example SI modi-
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fications, ETWS and/or CMAS. The same general paging
message may be sent to all UEs 12.1, 12.2 and 12.3 1n a cell.

According to the LTE standard, in the RRC_IDLE state a
UE 1s obliged to monitor one paging occasion per paging
cycle, more specifically its UE-specific paging message.
There may be more than one PO 1n one paging cycle 1n a cell
depending on network configuration. All of these POs may
transmit or may comprise SI modifications, ETWS and/or
CMAS notifications. In order to balance the size of paging
messages and periodicity of paging transmission, the net-
work may configure for a cell, as the cell schematically
shown 1n FIG. 1, more than one cell-specific paging occa-
sion per paging cycle. A UE may be assigned to a specific
paging group and may receive the UE-specific paging mes-
sage at one UE-specific paging occasion out of all available
cell-specific paging occasions. Since notifications {for
ETWS, CMAS and SI modification are expected to be
received by all UEs i a cell, BS shall broadcast such
notifications over all cell-specific paging occasions 1n the
general paging message.

The paging cycle length and occurrence of the UE-
specific paging occasion are set by the network. As an
example, 1n an LTE network, the paging cycle may have a
length of 32 radio frames which corresponds to 320 sub-
frames or 320 milliseconds. The paging cycle length may
also be of 640 milliseconds, 1280 milliseconds or 2560
milliseconds depending on network configuration. Gener-
ally, 1n a communication network, any other paging cycle
length may be possible as well.

A length of a PO 1n an LTE network may be the length of
one subirame or 1n other words the duration may be of one
millisecond. Generally, 1n a communication network, a PO
may have any other duration length. The duration of a PO

may be set by the network.
In the RRC_CONNECTED state, the UE may be assigned

a DRX time cycle and a DRX active state or active time
period which occurs once 1 a DRX cycle. A DRX active
state has generally a predetermined time duration. A prede-
termined time duration may be a configured i1nmitial time
duration. The predetermined time duration may be extended.
Situations 1 which the predetermined time duration 1s
extended comprise reception or transmission of a data burst
or, more generally, of data during a DRX active state.
Another situation 1s the grant for transmission. Other situ-
ations are possible and may depend on the communication
network. In other words, while the UE awaits data in its
DRX active state, the time duration 1s fixed and once the UE
¢.g. receives or transmits a data burst or 1s granted trans-
mission of data, the time duration of a DRX active state may
be extended. The DRX active states are generally separated
by DRX 1nactive periods. Extension of DRX active state
may lead to a merge of two neighbouring active states. DRX
iactive periods provide a sleep opportunity for the UE
which allows saving battery life. In DRX 1nactive period, the
UE can selectively power down modem circuitry and enter
a sleep mode.

The DRX active state time period or on-duration time
may last, for example 1n an LTE network, one, two, four,
cight or sixteen milliseconds or subframes. More generally,
on-duration may be between 1 millisecond and up to 200
milliseconds. More precisely, this may be the predefined
on-duration time 11 the UE does not recerve or transmit any
data as discussed above and the active state 1s not extended.
The length of the DRX cycle may be, for example, 40, 80,
160 or 320 milliseconds. The DRX cycle length and on-
duration time may depend on network configuration. The
DRX cycle length and on-duration time may be e.g. selected
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by the network depending on services required by the UE.
Any of the mentioned DRX cycle lengths and on-duration
time periods may be combined. It 1s to be understood that
these are only examples ol possible cycle lengths and
on-duration time periods. Depending on the network, other
cycle lengths and other time periods may be possible.

For LTE networks, the RRC protocol defines durations for
so-called long and short DRX cycles. There may be a
dynamic transition between long and short DRX cycles. The
time duration of the active state remains the same for the
long as for the short DRX cycles, so that the long DRX cycle
has a longer off-duration than the short DRX cycle. Long
DRX cycles thus provide a longer sleeping opportunity.

Some definitions as e.g. given in the specification 3GPP
36.304 Ch. 7 for LTE communication networks are used 1n
the following. Radio frames comprising POs are called
paging {frames. A relation between radio frames and paging
frames may be configured by the communication network. T
may designate the length of a paging cycle in numbers of
radio frames 1n the paging cycle. The paging cycle 1s the
time span or time duration over which each UE has one
dedicated paging occasion. The number of POs in LTE
network 1s given by a parameter nB in relation to T: 4T, 27T,
T, T/2, T/4, T/8, T/16, 1/32. For example, 4T means that
there are four POs 1n each radio frame. 1/2 means that there
1s one PO every second radio frame. N may designate the
number of paging frames given by min (1, nB). This can be
illustrated by an example: T may be 32 radio frames or 320
milliseconds long (T=rf 32). The number of paging frames
in the paging cycle nB may be T/2. Then there are 16 paging
frames 1n one paging cycle. LTE standards {ix the subframes
in a paging frame in which the POs occur. For example, for
nB=4T, the POs are 1n subirames 0, 4, 5 and 9, for nB=T1/2,

the PO 1s 1n subframe 9 every second radio frame.

The UE 12.1 1n FIG. 1 may e.g. be in an RRC_IDLE state.
In other words, the UE 12.1 may not receive any data
communication, but may monitor UE-specific paging mes-
sages, waitting for example to establish mobile terminated

call or momtoring for possible occurrence of a warning

message like ETWS or CMAS.

The UE 12.2 may be in an RRC_CONNECTED state. In
other words, the UE 12.2 may have received a request to
establish a mobile terminated call in a dedicated or UE-
specific paging message during an idle mode, may have
established the connection and waits for a scheduled infor-
mation. The scheduled information may, for example, cor-
respond to a voice over internet protocol (VOIP) call or
other applications utilizing bursts of data. The UE 12.2 is
assigned a DRX cycle with DRX active periods of prede-
termined time duration. If a data burst or, more generally,
data 1s recerved during a DRX active state the time duration
may be extended.

The UE 12.2 may still be required to detect and to apply
SI modifications as well as ETWS and CMAS notifications.
Thus, although the UE 12.2 1s in an RRC_CONNECTED
state and does not need to wait for a UE-specific paging
message, it may still need to decode paging messages.
Depending on network configuration, DRX cycle and pag-
ing cycle may not correspond to each other neither 1n cycle
length nor in starting time.

FI1G. 2 1llustrates 1n a time diagram an exemplary relation
between a DRX cycle 14 and a paging cycle 16 assigned for
example to the UE 12.2. The DRX cycle 14 may be longer
than the paging cycle 16. The DRX cycle 14 and the paging
cycle 16 may be offset to each other, 1.¢. they may not start
at the same time. The DRX cycle 14 starts with a time period

14.1 which 1s a DRX active state time period. The default
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paging cycle 16 starts with a paging occasion 16.1. In the
example shown 1n FIG. 2, there 1s only one PO per paging
cycle. It 1s a UE-specific paging occasion. The DRX cycle
14 and the paging cycle 16 are periodically repeated. FIG. 2
shows a further DRX active state 14.2 at a beginning of a
next DRX cycle and a further PO 16.2 at a beginning of a
next paging cycle.

As explained above, outside of the time periods 14.1 and
14.2 which designate DRX active states, and outside paging
occasions 16.1 and 16.2, the UE may be 1n a sleep mode. A
first sleep mode time 18.1 is situated between the end of
active state 14.1 and the beginning of paging occasion 16.1.
The sleep mode time 18.1 may comprise three distinct time
periods. A first part or distinct time period 18.1.1 corre-
sponds to a power down time 1n which the modem including
for example the baseband and RF circuits 1s powered down.
A second part or distinct time period 18.1.2 corresponds to
a period where the LTE modem 1s really sleeping, baseband

and RF circuits are without power. Some time before a start
of the PO 16.1 the circuitry of the LTE modem (e.g.

baseband and RF circuits) starts to power up, this is the third
part or distinct time period 18.1.3. A second sleep mode time
period 18.2 1s situated between the end of the PO 16.1 and
the beginning of the DRX active state 14.2. Again, sleep
mode time period 18.2 may be separated into the three
distinct periods of power down, sleeping time and power up.
A third sleep mode time period 18.3 1s situated between the
end of the DRX active state time period 14.2 and the
beginning of the PO 16.2. In the example 1llustrated 1n FIG.
2, the time period 18.3 may be shorter than the time periods
18.1 and 18.2. Especially, the time period 18.3 may be
shorter than the time periods of power down and power up
together. In this case, the sleep mode cannot be entered and
the UE 12.2 must stay awake. No energy saving 1s possible.
It 1s to be understood that baseband and RF circuits are
among the main contributors to power consumption in a UE.
Without powering down, the battery life 1s shortened.

The POs 16.1 and 16.2 may be the UE-specific paging
occasions which the UE 12.2 1s monitoring when 1n
RRC_IDLE state. It can easily be seen that if the PO 16.1
and 16.2 were not to be monitored the UE could remain
asleep between two active states 14.1 and 14.2. As PO must
be monitored to get alert or urgency messages and as POs are
not aligned with DRX active states, the UE 12.2 1s obliged
to awake once between the two DRX active states 14.1 and
14.2. In some cases, depending on the different lengths of
DRX cycle and paging cycle, the UE 12.2 may even be
obliged to rest awake between the DRX active state 14.2 and
the paging occasion 16.2.

FIG. 3 shows 1n a time diagram a further time structure
which may be provided 1n a communication network. It 1s a
structure of a system frame number (SFN) cycle with a
duration of 1024 radio frames corresponding to 10,240
milliseconds or 10.24 seconds as specified for example 1n
LTE standards. The SFN cycle may be divided into 128
SIB1_TTI (system information block 1_transmission time
intervals) of 80 milliseconds each. The SIB1 1s always
broadcast in LTE network because it contains basic infor-
mation to camp on a cell. In each SIB1_TTI there are four
transmission occasions to create data redundancy. In other
words, every 20 milliseconds there 1s an opportunity to
receive an SIB1. The SIB1 may contain information that, to
a limited extent, duplicates the content of the general paging
messages common to all user equipment. Especially, the
SIB1 may contain mnformation indicating a system informa-

tion modification or indicating scheduling of ETWS and/or
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CMAS warnings. The mmportance of the SIB1 for getting
alert messages 1s discussed below.

FIG. 4 shows a UE 22 according to a first embodiment.
The UE 22 comprises a receiver 24 and a paging monitor 26.
The UE 22 may comprise one or more non-transitory
computer readable media and a processor. The computer
readable media may comprise non-volatile memories. The
receiver 24 may be configured to operate 1n an RRC_CO-
NNECTED state with assigned DRX cycle and DRX active
state time periods. The computer readable media may com-
prise program instructions which cause the processor to start
at a predefined time into a DRX active state. The paging
monitor 26 may be configured to check whether a paging
message has already been read 1n a current paging cycle. The
computer readable media may comprise program instruc-
tions which cause the processor to check whether a paging
message has already been read 1n a current paging cycle. The
paging monitor 26 may be configured to read a paging
monitored flag. The paging momtor 26 may be configured to
set a paging monitored flag to FALSE at a beginning of a
predefined paging cycle. The computer readable media may
comprise program instructions which cause the processor to
check whether a paging message 1s to be received 1n the
DRX active state and to read the paging message during the
DRX active state 1f no paging message has been read in the
current paging cycle.

Functions and functionality of the UE 22 are further
discussed based on exemplary network configurations as
shown 1n FIGS. 5A-5C.

FIG. 5A shows 1 a time diagram a exemplary LTE
network configuration in which the UE 22 may function or
operate. At a time to a paging cycle 28 starts. At a time t, the
paging cycle 28 ends. The paging cycle 28 may have a
length of 32 radio frames. FIG. 5A shows six radio frames
out of the 32 radio frames of the paging cycle 28. The
number N of paging frames in paging cycle 28 may be
1/2=16 paging {rames. Fach paging frame 30.1 1s therefore
followed by a radio frame 30.2. Further, in the example
shown 1n FIG. 5A paging occasions 32 occurring in each
paging frame 30.1 are on subframes 9. It 1s to be understood
that any of the paging occasions 32 comprise a same general
paging message part. It 1s further to be understood that only
one out of the paging messages 32, shown in FIG. SA, 1s the
UE-specific PO which the UE 22 1s configured to monitor in
an RRC_IDLE state comprising additionally a UE-specific
paging message part.

The UE 22 may be assigned a DRX cycle of 16 mulli-
seconds with DRX active state time periods 34.1, 34.2, 34.3,
34.4 and 34.5. comprised 1n the six radio frames 30.1, 30.2
of the paging cycle 28 shown in FIG. 5A. In the example
shown 1 FIG. 5A the on-duration of the active states
34.1-34.5 1s of 2 milliseconds or 2 subirames.

At the time to, the current paging cycle 28 starts. When
entering the active state 34.1, the paging monitor 26 checks
whether a paging message and more specifically a general
paging message has already been read 1n the current paging
cycle. In the first millisecond of the current paging cycle 28
the paging message was not yet read. As the paging monitor
26 determines at the beginning of the active state 34.1 that
the paging message was not yet read, the paging monitor 26
checks whether a paging message 1s to be received 1n the
current DRX active state 34.1. According to the time dia-
gram of FIG. 5A, this 1s not the case. None of the POs 32
1s during the time duration of active state 34.1. The paging
monitor 26 continues to perform the check whether a paging
message, more specifically the general information part of a
paging message has already been read 1n the current paging,
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cycle at the start of each active state 34.2, 34.3. The check
1s negative for DRX active states 34.2, 34.3.

When entering the active state 34.4, the paging monitor
determines that there 1s still no paging message read 1in the
current paging cycle 28. In contrast to the previous active
states however, the paging monitor 26 determines that a
paging message 1s to be received 1n the current DRX active
state 34.4. A PO 32.1 which 1s on a subframe 9 1s at the same
time as the DRX active state 34.4.

The paging monitor 26 i1s configured to read the paging
message comprised i the PO 32.1 which i1s at the same time
as the active state 34.4. In other words, the UE 22 reads the
general information comprised 1n the paging message while
in a power-on state because of the DRX active state. There
1s no need for the UE 22 to be awaken especially for the
UE-specific PO.

The paging monitor 26 may continue to check at each
beginning ol a further active state 34.x whether a paging
message has already been read 1n the current paging cycle.
The answer 1s “yes” and therefore no further reading of a
paging message 1s necessary, even 1f possible. For example,
in the active state 34.5, which 1s shown 1n FIG. 5A as being
the last DRX active state before the end of the current paging
cycle 28, the PO 32.2, which 1s at the same time as the active
state 34.5, may not be used to read the general information
comprised therein.

In an embodiment, the paging monitor 26 may be con-
figured to set at a time to a paging monitored flag to FALSE.
Meaning of this flag 1s that a paging message has not yet
been read 1n the current paging cycle. At a beginning of the
active states 34.1-34.3, the paging monitor 26 reads the
paging monitored flag. As the paging monitored flag 1s
FALSE, the paging monitor 26 checks whether there 1s a
paging message to be read. In other words, the paging
monitor 26 checks whether there 1s a PO at the same time as
the active state. The paging momtor 26 may be further
configured to set the paging monitored flag to TRUE after
reading the paging message during ¢.g. the active state 34 4.
Afterwards, until the end of pagmg cycle 28, the paging
monitor 26 still checks the paging monitored ﬂag As the flag
1s set to TRUE, the paging monitor 26 does not try to read
a further paging message. At a time t;, a new paging cycle
starts and the paging monitored flag 1s again set to FALSE.

In a further embodiment, the paging monitor 26 may be
configured to define a new start of a paging cycle. For
example, the paging monitor 26 may be configured to start
a new paging cycle once the paging message has been read.
In a network configuration as shown in FIG. SA, the paging
monitor 26 may start a new paging cycle after the active
state of 34.4, because it 1s during active state 34.4 that the
paging message 1s read. The new paging cycle which 1s not
illustrated 1 FIG. 5A may have the same length as the
paging cycle 28. The paging monitor 26 may eflectuate the
same checks as described before and further explained with
reference to FIG. 6. In an embodiment where a new paging
cycle 1s started, the use of paging monitored flags may not
be necessary. Instead of setting the paging monitored flag to
TRUE, a paging cycle timer may be set to 0.

Starting a new paging cycle as described above, may have
the consequence that too many paging messages are read. In
other words, a consequence may be that the paging cycle
lengths become shorter than the predefined paging cycle
length. In further embodiments, the paging monitor 26 may
fore be configured to determine how many POs are still
available before the end of the current paging cycle before
reading a paging message. In another further embodiment,

the paging monitor 26 may be configured to determine how
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many POs will collide with the on-duration or time period of
active state. In another further embodiment, the paging
monitor 26 may be configured to determine how often there
1s a PO during a paging cycle that will collide.

FIG. 5B shows another exemplary paging configuration
as explained with reference to FIG. 5A. A paging cycle 28
has a paging cycle length of 32 radio frames. The parameter
nB 1s set to 4T, every radio frame 1s therefore a paging frame
with four paging occasions at the subirames 0, 4, 5 and 9.
The example shown 1 FIG. 5B diflers further from the
example of FIG. SA 1n the DRX configuration. A DRX cycle
length 1s changed with reference to FIG. 5A. The DRX cycle
length 1n FIG. 3B 1s of 10 milliseconds. This 1s a radio frame
length. The DRX active state time period or on-duration
time 1s of 2 milliseconds as 1n FIG. SA. An offset of the DRX
cycle 1n FIG. 5B compared to the paging cycle 1s of 1 ms.
Therefore, 1n this configuration, no PO {falls into the DRX
active state time periods as can easily be seen in the time
diagram of FIG. 5B.

According to an embodiment, the paging monitor 26 may
be further configured to set a guard time period. The guard
time period may be shorter than the paging cycle length and
may end as shown 1n the example of FIG. 3B at a time t,.
which 1s e.g. one paging frame length before the end of
paging cycle 28. It 1s to be understood that this 1s a
non-limiting example and the guard time period may end at
another time t;. The paging monitor 26 may be configured
to monitor the guard time. In an embodiment, 1f the guard
time period 1s finished and a paging monitored flag 1s still set
to FALSE a DRX active state following the guard time
pertod may be extended until a PO has occurred and the
paging message has been read. It may be the first DRX
active state following the guard time period which 1is
extended. It may be the last DRX active state in the paging
cycle which 1s extended. In another embodiment, 11 the
guard time period 1s finished and the paging monitor 26
ascertains that the paging message was still not read, the first
DRX active state following the guard time period may be
extended until a PO has occurred and the paging message
has been read. In the example shown in FIG. 5B, the active
state time period 34.2 1s extended from 2 milliseconds to 4
milliseconds to be able to read the paging message during
the PO 32.3 occurring 1n subirame 4. In this configuration,
a paging message 1s read during the paging cycle and the UE
must not awake especially for a paging occasion but remains

longer awake.
FIG. 5C shows the same paging cycle configuration as

FIG. SA. The paging cycle 28 is the same. FIG. 5C shows
the same DRX cycle configuration as FIG. 5B, 1.e. the DRX
cycle 1s set to 10 milliseconds. As in the example of FIG. 5B,
the first two DRX active states 34.1 and 34.2 after the start
of the paging cycle 28 occur when there 1s no PO 32. In the
third active state 34.3, the UE 22 e.g. receives or transmits
data. Therefore, the DRX active state 34.3 1s extended over
more than the predetermined 2 milliseconds. In the example
shown 1n FIG. 5C, the on-duration time of the active state
34.3 1s about 12 milliseconds. In fact, the on-duration time
1s extended so far that the predetermined following DRX
active state 1s included. Or 1n other words, two DRX active
states form together one DRX active state without a DRX
inactive state inbetween. The paging monitor 26 attempts
during all the DRX active time period to read a paging
message. Therefore, the paging momtor 26 reads the paging,
message imcluded 1in the PO 32.4 1in subirame 9 of the second
paging frame 30.1. Thus, when arriving at the guard time to,
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there 1s no need to extend the last active state time period
because the paging message was already read during the
paging cycle 28.

In an embodiment, 1n which the paging monitor 1s con-

figured to set a paging momtored flag, the paging monitored
flag may be set to TRUE at the end of the active state 34.3,
1.¢. alter reading of the paging message. In an embodiment
without use of a paging monitored flag, the paging monitor
26 may determine 1n any other suitable way that the moni-
tored paging message was already read.
The example of FIG. 5C illustrates that 1t might not be
suflicient to determine at a start of a paging cycle based of
the current network configuration whether paging occasion
will occur during an active state. On one side, an active state
on-duration may be extended due to data transter which 1s
not related to paging. On another side, DRX cycle length
may be changed due to a transition from a short DRX cycle
to a long DRX cycle.

To check every time whether a general message has
already been read may have a further advantage. It is
possible that during a PO falling into an active state time
period, the paging monitor 26 1s not capable to read the
paging message, for example due to diflicult radio transmis-
sion conditions. It 1s to be understood that on wireless
communication network radio conditions are varying.

The embodiments described above may have the turther
advantage to adapt to diflerent network configurations. In
the exemplary LTE network there 1s a wide range of con-
figuration possibilities. In other communication networks
further configurations may be possible. Furthermore, the
embodiments described herein adapt easily to diflicult recep-
tion conditions, to variations in the network configurations.
The proposed methods and UEs ascertain that a general
paging message 1s read at least once 1n a paging cycle.

FIG. 6 illustrates 1n a flow diagram a method of checking
for and reading of paging messages and more specifically of
general paging messages or general information included 1n
the paging messages as explained with reference to FIGS. 4
and 5. When entering a DRX active state, a paging monitor,
possibly the paging monitor 26 of FIG. 4, ascertains whether
a paging message has already been read (36). If the answer
1s “yes”’, POs are not to be monitored and there 1s no need
to read any paging message (38). If the answer 1s “no”, the
paging monitor 26 checks whether a paging message 1s to be
received in the current DRX active state time period (40).
The paging monitor 26 1s configured to read the paging
message 11 the answer 1s “yes” (42). If the answer to the
question whether a paging message 1s to be receirved 1n the
current DRX active state time period 1s “no”, the pagin
monitor 26 does not need to momtor the PO (38). If the
answer to the question whether a paging message 1s to be
received 1n the current DRX active state time period 1s
“yes”, the paging monitor 26 reads the paging message (42).

FIG. 7 shows a UE 44 according to another embodiment.
The UE 44 may comprise a receiver 46, a paging monitor 48
and a system information block monitor 50. The UE 44 may
comprise one or more non-transitory computer readable
media and a processor. The computer readable media may
comprise program instructions which cause the processor to
perform functions of the UE 44 or more specifically func-
tions of at least one out of the receiver 46, the paging
monitor 48 and the system information block monitor 50 as
described herein. The recerver 46 1s configured to operate 1n
an RRC_CONNECTED state with predefined DRX active
state time periods as explained above. The receiver 46 may
be essentially the same as the receiver 24 1n FIG. 4. The
paging monitor 48 may essentially correspond to the paging
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monitor 26 1n FIG. 4. The system information block monitor
50 may be configured to monitor a system information block
(SIB) and more specifically in an LTE system a system
information block 1. An SIB1 1s illustrated 1n FIG. 3. By
providing the UE 44 with an SIB monitor 30, there 1s a
turther possibility to get information about an alert case.
Although the UE 44 1s shown to comprise a paging monitor
48, 1t 1s to be understood that embodiments may also
comprise a UE comprising a receiver and an SIB monitor
without a paging monitor. Functions and functionality of the
SIB momitor 50 are further explained with reference to
FIGS. 8 and 9.

FIG. 8 illustrates function of the SIB monitor 50 1n case
ol a decision to update system information. FIG. 8 1s a time
diagram showing system information (SI) modification
cycles 52.1 and 52.2 and paging cycles 54. In the non-
limiting example of FIG. 8, the length of a paging cycle 54
1s half the length of an SI modification cycle 52.1, 52.2. At
a time t, a decision may be taken from the network, for
example an LTE network, to update system information. A
first SI modification cycle 52.1 after the time t_ starts at a
time t, and ends at a time t,. During the time period between
t, and t,, two paging cycles 54 are transmitted. During the
first SI modification cycle 52.1, 1.e. between t, and t,, all cell
paging occasions broadcast the modification indication in
the general paging message. As the SI modification cycle

[ 1

52.1 comprises two default paging cycles 54, each UE
regardless 11 in RRC_IDLE or in RRC_CONNECTED state
has at least two opportunities to detect the modification
indication. In other words, a UE comprising a paging
monitor should read during the first or the second paging
cycle 54 the indication of a SI modification.

However, 1t 1s possible that, for example due to dithcult
radio conditions, the general paging message comprising the
SI modification indication 1s not read by a UE. In the
following SI modification cycle 52.2 starting at time t,, the
system 1nformation may be modified. Further, a so-called
system-info-value-tag may be incremented for signaling the
modification. Once the system-info-value-tag i SIB1 1s
incremented, the SIB monitor 50 can detect that the system
info has been modified by reading the SIB1 and the system-
info-value-tag therein. The SIB monitor 50 may for example
compare the system-info-value-tag read with a previously
received system-info-value-tag.

Another reason why a UE may not have read the paging
message 15 a change of the UE between two cells. In this
case, the SIB monitor 50 may store the SI of the previous
serving cell and the current serving cell 1n case UE performs
reselections between these two cells. The SIB monitor 30
may then use the stored information and prove its validity by
receiving SIB1 and compare the system-info-value-tag.

FIG. 9 illustrates function of the SIB monitor 30 1n case
of an emergency broadcast according to ETWS and/or
CMAS. FIG. 9 1s a time diagram showing SI modification
cycles 52.1 and 52.2 and paging cycles 54. In the non-
limiting example shown 1n FI1G. 9 one S1 modification cycle
52 comprises two paging cycles 54. A first SI modification
cycle 52.1 starts at a time t, and ends at a time t,. The next
SI modification cycle 52.2 starts at time t, and ends at a time
2. At a time t, an emergency broadcast may be given. Time
t, lies somewhere 1n between t;, and t,. Upon trigger of an
emergency broadcast at the time t, all general paging
messages are updated to comprise an indication of the
emergency situation. Updating of the paging messages can
be done as soon as possible even 1n the middle of a paging
cycle 54. If a UE detects a paging message once 1n a paging
cycle 1t may need at maximum a paging cycle length for a
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UE to get the emergency information in case of undisturbed
radio conditions by reading the general paging message.
The SIB1 1s updated after the trigger at t, to mclude a

schedule of warning SIBs. The warning SIBs themselves
may be SIB10, SIB11 and SIB12. These updates can be done

every 80 milliseconds. Therefore, 1t 1s probable that the
indication on SIB1 earlier than the information via paging
message. Once the UE receives a warning indication in a
general paging message, it 1s forced to refresh SIB1 to find
the scheduling of warning SIBs broadcast for more infor-
mation. Paging 1s not changed by this event. UE continues
to receive paging messages.

In contrast to the case of system information explained
with reference to FIG. 8, the system-info-value-tag 1s not
updated 1 case of warning SIBs. Hence, for the case
described 1in FIG. 9, detection of a change of system-inio-
value-tag 1s not an alternative to paging.

However, the warning SIBs schedule can be detected 1n
SIB1. It 1s to be reminded that SIB1 1s transmitted every 20
milliseconds. A delay of updates may be of 80 ms for SIB1,
or 1n other words, the time of one TTI. Therefore, receiving
SIB1 can improve performance of paging occasion selection
method. It avoids a negative impact of lost paging.

FIG. 10 schematically illustrates in a flow diagram a
method according to a first embodiment. The method may be
performed by a UE which may correspond to any of the UEs
12, 22 or 44. The UE, which may be configured for discon-
tinuous reception operation 1 a wireless communication
network, may start at 60 into a DRX active state. During the
active state 1t may be checked whether a paging message has
already been read 1n a current paging cycle (62). More
specifically, 1t 1s the general part or the general information
of the paging message which 1s to be read. For eflectuating
the check, means may be provided 1n the UE. The check may
be eflectuated by a paging monitor. If the answer to the
check 1s “no”, 1.e. i1 no paging messages has been read 1n the
current paging cycle, 1t 1s checked at 64 whether a paging
message 1s to be received in the current active state. For
cllectuating the check, appropriate means may be provided
in the UE. The check may be eflectuated by a paging
monitor. If this check 1s answered by “yes” then at 66 the
paging message 1s read during the active state. In other
words, 1t 1s not necessary that the UE must awake or stay
awake to read the paging message. It 1s to be reminded that
the paging cycle and the DRX cycle are completely sepa-
rated and independent from each other and that changes in
the DRX active state time periods may occur at all times by
a change, for example, to long DRX cycle coming from a
short DRX cycle or by extended active state time periods
due to data transmission activities.

FIG. 11 shows 1n a schematic flow diagram a method
according to a second embodiment. The method may be
performed by a UE which may correspond to any of the UEs
12, 22 or 44. At a beginning of a predefined paging cycle, a
paging monitored flag 1s set to FALSE at 70. It may be
checked whether the paging monitored flag 1s set to FALSE
at 72. For ellectuating the check, means may be provided 1n
the UE. The check may be eflectuated by a paging monitor.
If the answer to this question 1s “yes”, 1t may be checked
during a DRX active state 1f a paging message can be read
at 74. For eflectuating the check, means may be provided 1n
the UE. The check may be eflectuated by a paging monitor.
At 76 the paging monitored flag 1s set to TRUE after a
paging message was read. Using a paging monitored flag
may {facilitate checking whether a paging message has
already been read during a paging cycle.
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FIG. 12 shows 1n a flow diagram a method according to
a third embodiment. The method may be effectuated, for
example, by the paging monitor 26 of FIG. 4 or the paging
monitor 48 of FIG. 7. More generally speaking, means may
be provided to perform the method. In a DRX active state,
it may be attempted to read at 80 a general information
comprised 1n a paging message. A general information 1n a
paging message 1s also called 1n this application a general
paging message. At 82 1t may be monitored whether the
general 1information was read since the beginning of a
paging cycle or, more precisely, since the beginning of a
current paging cycle. At 84 it may be checked whether a
predetermined time period has elapsed. The predetermined
time period may be a guard time period as discussed with
reference to FIG. 5B. At 86 it 1s checked whether the general
information of a paging message has not yet been read. If
this 1s true, the duration of a DRX active state 1s adjusted in
88. Adjusting the duration of the DRX active state 1s, for
example, explained with reference to FIG. 5B. Extending
the duration of the DRX active state allows monitoring the
next PO and reading the next paging message without the
necessity for the UE to awake from a sleep mode.

Table 1 shows as an example the network configurations
currently used by different wireless communication net-
works. The parameters nB, T and paging occasions per cycle
are 1indicated. It can be seen that nB varies between T/4 and
2'T. T 1tself varies between 32 and 128. This leads to paging
occasions per cycle varying from 16 to 128.

TABLE 1

Network 1 Network 2 Network 3 Network 4

nb T4 T T4 T T/4 20 1T 2T T
T 128 64 128 04 32 04 128
PO per cycle 32 128 16 128 16 32 64 64 128

It may be an advantage of the proposed method and user
equipment that 1t can easily adapt to all different configu-
rations. The power saving achieved for a UE which 1s in
RRC-CONNECTED varies depending on DRX cycle length
and on-duration in milliseconds.

As an example, Table 2 shows the power saving for T=64
for diflerent DRX cycle length and different on-durations all
in milliseconds.

TABLE 2
T =64 onDuration 1n ms
DRX cycle 1 2 4 8 16
40 6.25% 3.13% 1.56% 0.78% 0.39%
RO 12.5% 6.25% 3.13% 1.56% 0.78%
160 259% 12.5% 6.25% 3.13% 1.56%
320 50% 25% 12.5% 6.25% 3.13%

It can be seen that especially for short on-durations and
long DRX cycles the power saving can be as high as 50%
compared to monitoring the UE-specific paging occasions,
1.e. the POs which are monitored by thus UE 1n the
RRC IDLE state.

The condition T=64 specifies that there are 64 radio
frames 1n a default paging cycle. Or 1 other words, the
paging cycle has a length of 640 milliseconds. A power
saving of 50% 1s obtained with a DRX cycle of 320
milliseconds (see last line of table 2). When a paging cycle
has a length of 640 ms and a paging cycle a length of 320
ms there are two DRX cycles 1n one paging cycle. According,
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to the first column of table 2, the on-duration 1s of 1 ms per
DRX active state which means a total on-duration of 2 ms
during a paging cycle. This 1s a configuration with a relative
long DRX cycle and a relative short on-duration which
comes to emulating a behavior of a UE during an
RRC_IDLE state. However, the UE i1s maintained in an
RRC_CONNECTED state to avoid time delay during con-
nection establishment.

The parameter R may specily the ratio of DRX cycles 1n
one paging cycle. Then 1/R gives the numbers of DRX
cycles contained 1n a paging cycle. The parameter D may
refer to the length of on-duration or the time period of active
state 1n milliseconds. Conventionally, the UE must be active
during a paging cycle at least D milliseconds per number of
paging cycles plus one millisecond for additionally moni-
toring a paging occasion: D/R+1. When 1t 1s possible to
monitor the PO during an active state, then LTE modem
must only be active for D milliseconds multiplied by the
number of DRX cycles 1 a paging cycle: D/R.

The provided examples are not to be considered to be
limiting. The provided examples illustrate the variability of
the communication networks configuration and the ability of
the proposed method to adapt to all configurations. The
following examples pertain to further embodiments.

Example 1 1s a user equipment for discontinuous recep-
tion (DRX) operation 1n a wireless communication network,
the user equipment comprises a receiver coniigured to
operate 1n an RRC-connected state with predefined DRX
active state time periods; and a paging monitor configured to
check whether a paging message has already been read 1n a
current paging cycle; and 1f no paging message has been
read 1n the current paging cycle, configured to check
whether a paging message 1s to be received 1n a current DRX
active state time period; and read the paging message during
the current DRX active state time period.

In example 2, the subject-matter of example 1 can option-
ally include that the paging monitor 1s further configured to
read a paging monitored flag.

In example 3, the subject-matter of any of examples 1 or
2 can optionally include that the paging monitor 1s further
configured to set a paging monitored flag to FALSE at a
beginning of the predefined paging cycle.

In example 4, the subject-matter of example 3 can option-
ally include that the paging monitor 1s further configured to
set the paging monitored flag to TRUE after the paging
message was read.

In example 5, the subject-matter of any of examples 1 to
4 can optionally be configured to start a new paging cycle
alter the paging message was read.

In example 6, the subject-matter of any of examples 1 to
5 can optionally include that the paging monitor 1s further
configured to set a guard time period, the guard time period
being shorter than the paging cycle time period; and extend
a duration of a DRX active state following the guard time
period 1 the paging message has not yet been read in the
current paging cycle.

In example 7, the subject-matter of any of examples 1 to
6 can optionally include a system information block monitor
configured to monitor a system information block during a
DRX active state for detecting an information also included
in a general paging message.

Example 8 1s a user equipment for discontinuous recep-
tion (DRX) operation 1 a wireless communication network,
wherein the user equipment comprises: a recerver configured
to operate 1n an RRC-connected state with predefined DRX
active state time periods; and a paging monitor configured to
attempt 1n a DRX active state time period to read a paging
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message; monitor whether the paging message was read
since a beginning of a paging cycle; and 1f the paging
message was not read adjust the duration of a DRX active
state time period after a predetermined time period has
clapsed since the beginning of the paging cycle, the prede-
termined time period being shorter than the duration of the
predetermined paging cycle.

In example 9, the subject-matter of example 8 can option-
ally include that the paging monitor 1s further configured to
read any paging message regardless whether the paging
message 1s mcluded 1 a paging message dedicated to the
user equipment or 1 a cell specific paging message.

In example 10, the subject-matter of any of examples 8 or
9 can optionally include that the paging monitor 1s further
configured to set and to read a paging monitored flag.

In example 11, the subject-matter of any of examples 8 to
10 can optionally be configured to start a new paging cycle
alter the paging message was read.

In example 12, the subject-matter of example 11 can
optionally be further configured to base a decision whether
a paging message 1n a DRX active state 1s to be read on at
least one of the following considerations: —how many
occasions for reading the paging message are still available
before an end of this paging cycle; —how many occasions
for reading the paging message are within a DRX active
state; —how often are occasions within a DRX active state.

Example 13 1s a user equipment for discontinuous recep-
tion (DRX) operation 1n a wireless communication network,
the user equipment comprises: a receiver configured to
operate 1n an RRC-connected state with predefined DRX
active state time periods; and means to check whether a
paging message has already been read 1n a current paging,
cycle; means to check whether a paging message 1s to be
recetved 1n a current DRX active state time; and means to
read the paging message during the current DRX active state
time period.

Example 14 1s a method performed by a user equipment
for discontinuous reception (DRX) operation 1in a wireless
communication network, wherein the user equipment 1s 1n
an RRC-connected state, the method comprising: starting at
a predefined time into a DRX active state; checking whether
a paging message has already been read 1n a current paging
cycle; and 1f no paging message has been read in the current
paging cycle checking whether a paging message 1s to be
received 1n the DRX active state; and reading the paging
message during the DRX active state.

In example 15, the subject-matter of example 14 can
optionally include that checking whether a paging message
has already been read in the current paging cycle 1s eflec-
tuated by reading a paging monitored tlag.

In example 16, the subject-matter of any of examples 14
and 15 can optionally include at least one out of setting a
paging monitored flag to FALSE at a beginning of the
predefined paging cycle and setting the paging monitored
flag to TRUE after reading the paging message.

In example 17, the subject-matter of any of examples 14
to 16 can optionally include that the paging cycle 1s started
alter reading the paging message or that the paging cycle 1s
started according to an indication given by a base station.

In example 18, the subject-matter of any of examples 14
to 17 can optionally include setting a guard time period, the
guard time period being shorter than the paging cycle time
period; and extending a duration of a DRX active state
tollowing the guard time period if the paging message has
not yet been read in the current paging cycle.
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In example 19, the subject-matter of any of examples 14
to 18 can optionally include monitoring a system informa-
tion block during DRX active state.

Example 20 1s a method performed by a user equipment
for discontinuous reception (DRX) operation 1n a wireless
communication network, wherein the user equipment is 1n
an RRC-connected state, the method comprising: attempting
in a DRX active state to read a paging message; monitoring
whether the paging message was read since a beginning of
a paging cycle; and 1f the paging message was not read
extending the duration of a DRX active state after a prede-
termined guard time period has elapsed since the beginning
of the paging cycle, the predetermined time period being
shorter than the duration of the predetermined paging cycle.

In example 21, the subject-matter of example 20 can
optionally include that attempting to read a paging message
1s ellectuated regardless whether the paging message 1s
included 1n a paging message dedicated to the user equip-
ment or 1n a cell specific paging message.

In example 22, the subject-matter of any of examples 20
and 21 can optionally include that monitoring comprises
setting and reading a paging momtored flag.

In example 23, the subject-matter of any of examples 20
to 22 can optionally include that a new paging cycle 1s
started after the paging message was read.

In example 24, the subject-matter of example 23 can
optionally include that reading the paging message 1n a DRX
active state 1s attempted based on at least one of the
following considerations: —how many occasions for read-
ing the paging message are still available before an end of
this paging cycle; —how many occasions for reading the
paging message are within a DRX active state; —how often
are occasions within a DRX active state.

Example 25 1s one or more non-transitory computer
readable media comprising program instructions causing a
processor to start at a predefined time mmto a DRX active
state; check whether a paging message has already been read
in a current paging cycle; and if no paging message has been
read in the current paging cycle check whether a paging
message 1s to be received 1 the DRX active state; and read
the paging message during the DRX active state.

Example 26 1s a method performed by a user equipment
for discontinuous reception (DRX) operation 1 a wireless
communication network, wherein the user equipment 1s 1n
an RRC-connected state, the method comprising: setting a
paging monitored flag to FALSE at a beginning of a pre-
defined paging cycle; only 1f the paging monitored flag 1s set
to FALSE checking during a DRX active state if a paging
message can be read; setting the paging monitored flag to
TRUE after a paging message was read.

In example 27, the subject-matter of example 26 can
optionally include setting a guard time, the guard time being
betore the end of the predefined paging cycle; and checking
at the guard time the paging monitored flag.

In example 28, the subject-matter of example 27 can
optionally include extending a duration of a DRX active
state occurring after the guard time 11 the paging monitored
flag 1s still set to FALSE, the duration of the DRX active
state being extended until the paging monitored flag 1s set to
TRUE.

In example 29, the subject-matter of any of examples 26
to 28 can optionally include monitoring a system informa-
tion block during DRX active state; checking in the system
information block whether a paging message was transmit-
ted indicating a system modification or an alert information.

Example 30 1s a user equipment for discontinuous recep-
tion (DRX) operation 1n a wireless communication network,




US 10,292,201 B2

17

wherein the user equipment comprises: a receiver configured
to operate 1n an RRC-connected state with predefined DRX
active state time periods; and a paging monitor configured to
set a paging monitored flag to FALSE at a beginning of a
predefined paging cycle; check only 1f the paging monitored
flag 1s set to FALSE during a DRX active state time period
il a paging message can be read; set the paging monitored
flag to TRUE after a paging message was read.

In example 31, the subject-matter of example 30 can
optionally include that the paging monitor 1s further config-
ured to: set a guard time, the guard time being before the end
of the predefined paging cycle; and check at the guard time
the paging monitored tlag.

In example 32, the subject-matter of example 31 can
optionally include that the paging monitor 1s further config-
ured to: extend a duration of a DRX active state of the
receiver occurring after the guard time 11 the paging moni-
tored flag 1s still set to FALSE, and to keep the receiver in
the DRX active state until the paging monitored flag 1s set
to TRUE.

In example 33, the subject-matter of any of examples 30
to 32 can optionally include a system information block
monitor configured to monitor a system information block
during a DRX active state; and configured to check in the
system information block whether a general paging message
was transmitted indicating a system modification or an alert
information.

While the disclosure has been illustrated and described
with respect to one or more implementations, alterations
and/or modifications may be made to the illustrated
examples without departing from the spirit and scope of the
appended claims. In particular, with regard to the various
functions performed by the above described components or
structures, the terms used to describe such components are
intended to correspond, unless otherwise indicated, to any
component or structure which performs the specified func-
tion of the described component (e.g. that 1s functionally
equivalent), even though not structurally equivalent to the

disclosed structure which performs the function in the herein
illustrated exemplary implementations of the disclosure.

The 1nvention claimed 1s:

1. A user device for discontinuous reception (DRX)
operation 1 a wireless communication network, the user
device comprises:

a receiver configured to operate 1 a Radio Resource
Control (RRC)-connected state with predefined DRX
active state time periods; and

one or more processors configured to:
determine whether a paging message was read 1 a

current paging cycle and, when no paging message
has been read 1n the current paging cycle, to
determine whether a paging message 1s to be received in
the current DRX active state time period, and

read the paging message during the current DRX active
state time period; and
set a guard time period that 1s measured from a start of

the paging cycle and 1s shorter than the paging cycle,
and to extend a duration of a DRX active state time
period following the guard time period when the
paging message has not been read during the current
paging cycle upon expiration of the guard time
period.

2. The user device of claim 1, wherein the one or more
processors are further configured to process a paging moni-
tored flag.
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3. The user device of claim 1, wherein the one or more
processors are further configured to set a paging monitored
flag to FALSE at a beginming of a predefined paging cycle.

4. The user device of claim 3, wherein the one or more
processors are further configured to set the paging monitored
flag to TRUE after the paging message was read.

5. The user device of claim 1, wherein the one or more
processors are further configured to start a new paging cycle
after the paging message was read.

6. The user device of claim 1, wherein the one or more
processors are further

configured to monitor a system information block during
a DRX active state time period to detect information
included in the paging message.

7. The user device of claim 1, wherein the one or more
processors are configured to adjust the paging cycle to start
at a DRX active state time period during which a last paging
message was read within the paging cycle.

8. The user device of claim 1, wherein the one or more
processors are configured to set the guard time to be shorter
than the paging cycle by one paging frame.

9. A user device for discontinuous reception (DRX)
operation 1 a wireless communication network, the user
device comprising:

a receiver configured to operate in a Radio Resource
Control (RRC)-connected state with predefined DRX
active state time periods; and

one or more processors configured to:
set a guard time period that 1s measured from a start of

a paging cycle and 1s shorter than the paging cycle;
attempt, during a DRX active state time period, to read
a paging message;
monitor whether the paging message was read since a
beginning of the paging cycle and, when the paging
message was not read during the current paging
cycle upon expiration of the guard time period, to
adjust the duration of a DRX active state time period.

10. The user device of claim 9, wherein the one or more
processors are further configured to read a paging message
when the paging message 1s imncluded in a paging message
dedicated to the user device or when the paging message 1s
included 1n a cell-specific paging message.

11. The user device of claim 9, wherein the one or more
processors are further configured to set and to read a paging
monitored flag.

12. The user device of claim 9, wherein the one or more
processors are further configured to start a new paging cycle
alter the paging message was read.

13. The user device of claim 12, wherein the one or more
processors are further configured to determine whether a
paging message 1 a DRX active state time period 1s to be
read based on at least one of the following conditions:

a number of occasions for reading the paging message
that are still available before an end of a current paging
cycle;

a number of occasions for reading the paging message
that are within a DRX active state time period; and

a Irequency of occasions that are within a DRX active
state time period.

14. A method for performing discontinuous reception
(DRX) operation 1n a wireless commumnication network, the
method comprising:

starting at a predefined time 1nto a DRX active state time
period;

setting a guard time period that 1s measured from a start
of a paging cycle and 1s shorter than the paging cycle;
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determining whether a paging message was read in a
current paging cycle and, when no paging message has
been read i the current paging cycle determiming
whether a paging message 1s to be received in the DRX
active state time period, and

reading the paging message during the DRX active state
time period; and

extending a duration of a DRX active state time period
following the guard time period when the paging
message has not been read during the current paging
cycle upon expiration of the guard time period.

15. The method of claim 14, wherein the method 1s
performed by a user device while 1n a Radio Resource
Control (RRC)-connected state.

16. The method of claim 14, wherein determining whether
the paging message has already been read in the current
paging cycle 1s performed by reading a paging monitored
flag.

17. The method of claim 16, further comprising:

setting a paging monitored flag to FALSE at a beginning
of the predefined paging cycle.

18. The method of claim 17, further comprising:

setting the paging monitored tlag to TRUE after reading
the paging message.

19. The method of claim 16, wherein the paging cycle 1s

started after reading the paging message.

20. The method of claim 16, further comprising:

monitoring a system information block during the DRX
active state time period.

21. The method of claim 16, wherein the paging message
1s read when the paging message 1s included in a paging
message dedicated to a user device or when the paging
message 1s 1n a cell-specific paging message.
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22. The method of claim 16, wherein reading the paging
message 1 the DRX active state time period 1s performed

based on at least one of the following conditions:

a number of occasions for reading the paging message
that are still available before an end of the current

paging cycle;
a number of occasions for reading the paging message
that are within a DRX active state time period;

a frequency of occasions that are within a DRX active
state time period.

23. The method of claim 16, wherein the paging cycle 1s
started according to an indication given by a base station.

24. One or more non-transitory computer readable media
comprising program instructions causing a processor to:

start at a predefined time 1n a discontinuous reception
(DRX) active state time period;

set a guard time period that 1s measured from a start of a
paging cycle and i1s shorter than the paging cycle;

determine whether a paging message has already been
read 1 a current paging cycle and, when no paging
message has been read in the current paging cycle,
further determining

whether a paging message 1s to be received 1 the DRX
active state time period, and reading

the paging message during the DRX active state time
period; and

extending a duration of the DRX active state time period
following the guard time period when the paging

message has not been read during the current paging
cycle upon expiration of the guard time period.
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